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  We study magnitudes and temperature dependences of the electron-electron and electron-phonon 
interaction times which play the dominant role in the formation and relaxation of photon induced 
hotspot in two dimensional amorphous WSi films. The time constants are obtained through 
magnetoconductance measurements in perpendicular magnetic field in the superconducting 
fluctuation regime and through time-resolved photoresponse to optical pulses. The excess 
magnetoconductivity is interpreted in terms of the weak-localization effect and superconducting 
fluctuations. Aslamazov-Larkin, and Maki-Thompson superconducting fluctuation alone fail to 
reproduce the magnetic field dependence in the relatively high magnetic field range when the 
temperature is rather close to Tc because the suppression of the electronic density of states due to the 
formation of short lifetime Cooper pairs needs to be considered. The time scale 𝜏𝑖  of inelastic 
scattering is ascribed to a combination of electron-electron (𝜏𝑒−𝑒)  and electron-phonon (𝜏𝑒−𝑝ℎ) 
interaction times, and a characteristic electron-fluctuation time (𝜏𝑒−𝑓𝑙), which makes it possible to 
extract their magnitudes and temperature dependences from the measured 𝜏𝑖. The ratio of phonon-
electron (𝜏𝑝ℎ−𝑒) and electron-phonon interaction times is obtained via measurements of the optical 
photoresponse of WSi microbridges. Relatively large 𝜏𝑒−𝑝ℎ/𝜏𝑝ℎ−𝑒 and 𝜏𝑒−𝑝ℎ 𝜏𝑒−𝑒⁄  ratios ensure that 
in WSi the photon energy is more efficiently confined in the electron subsystem than in other 
materials commonly used in the technology of superconducting nanowire single-photon detectors 
(SNSPDs). We discuss the impact of interaction times on the hotspot dynamics and compare relevant 
metrics of SNSPDs from different materials.  
INTRODUCTION 
  In the single-photon detection process by a current-biased superconducting nanowire, the formation 
of the hotspot (nonequilibrium quasiparticles around the photon absorption site) and its time evolution 
play the most important role [1-7]. The hotspot formation can be briefly summarized as follows. (a) 
The incident photon is absorbed by an electron and then this highly excited electron thermalizes 
within a time scale of 𝜏𝑖 by inelastic scatterings. During this stage, a huge number of quasiparticles 
will be created and a hot core formed in the nanowire. (b) Nonequilibrium quasiparticles will diffuse 
away from the core and recombine into Cooper pairs on the characteristic time scale 𝜏0, namely the 
lifetime of quasiparticles [7-9]. In other superconducting detectors, such as superconducting hot-
electron bolometer [10,11], kinetic inductance detector [12,13], and superconducting tunnel junctions 
[14], the dynamics of the hotspot dominates detection mechanisms as well. 
  For the formation of the hotspot, a photon-excited electron thermalizes within a few picoseconds, 
depending on the details of inelastic scattering mechanisms [7,15]. It is nearly impossible to probe 
experimentally and distinguish these mechanisms with subpicosecond time resolution in the low 
temperature range. For the relaxation or cooling of the hotspot, there are different theoretical models 
describing this process at relatively large times [1,5,7,8,16]. In order to describe the time evolution of 
the hotspot completely and consistently, the perception of the characteristic time scales is necessary. 
In highly disordered thin superconducting films, electron-electron interaction is enhanced, and the fast 
inelastic scattering is mainly attributed to this interaction [15].  However, for the entire electron 
subsystem, energy relaxation of excited electrons occurs mainly via electron-phonon interaction [16]. 
Corresponding time scales, the electron-electron scattering time 𝜏𝑒−𝑒  and the electron-phonon 
interaction time 𝜏𝑒−𝑝ℎ play a significant role in the formation and relaxation of the hotspot. 
  Though the maximum count rate of a practical SNSPD is defined by its reciprocal recovering (dead) 
time which is controlled by the kinetic inductance of the detector [17], the time of recovery is 
intrinsically limited to the life-time of the hotspot [18]. As a result, the hotspot dynamics during 
recovering process in SNSPD sets the upper limit for the maximum count rate. It follows from 
simulations [19] that in conventional superconductors, e.g. Nb, the relaxation time of the hotspot is 
determined primarily by the temperature-dependent 𝜏𝑒−𝑝ℎ,  i.e. hot electrons in the hotspot are cooled 
predominantly by the electron-phonon interaction. Although contributions of other scattering channels 
of electrons are less pronounced, the knowledge of temperature dependences of their characteristic 
time scales for different SNSPD materials is of vital importance for device design and operation. 
Since all these different scattering mechanisms affect the resistance in the fluctuation regime just 
above Tc, measurements of the fluctuation resistance open a channel to perceive different 
characteristic time scales in superconductors. 
 The effectiveness of photon detection by a nanowire increases with the increase in the size of the 
hotspot [1], and the size is larger when a larger fraction of the photon energy is confined in the 
electron subsystem. The relative magnitude of this fraction is called quantum yield 𝜍. It is intuitively 
clear, that the quantum yield reaches maximum if the characteristic phonon-electron interaction time 
describing phonon re-absorption by electrons 𝜏𝑝ℎ−𝑒  is infinitesimal. Generally, the larger the ratio 
𝜏𝑒−𝑝ℎ 𝜏𝑝ℎ−𝑒⁄ , the more energy will be confined in the electron subsystem and the larger will be 𝜍. 
Within the two-temperature model [20] it can be shown that for a steady-state small deviation from 
the equilibrium 𝜏𝑒−𝑝ℎ 𝜏𝑝ℎ−𝑒⁄ = 𝐶𝑒/𝐶𝑝ℎ , and that the latter ratio can be estimated through the 
photoresponse of the film in the resistive state. Hence, the capacitance ratio can also be used as a 
criterion for device optimization. This rough consideration is consistent with the results obtained in 
Ref. [15] via solutions of the detailed kinetic equations for electron and phonon distribution functions.  
Below we present characteristic time scales of different inelastic electron scattering processes in WSi 
thin films which were obtained from magnetoconductance and photoresponse measurements, and 
discuss their impact on the formation and relaxation of the hotspot. 
 
MAGNETOCONDUCTANCE 
  In highly disordered films, the long inelastic lifetime of conduction electrons yields quantum 
interferences in a spatially extended region, which is generally called weak localization [21]. The 
localization effects can be directly probed by magnetotransport measurements [22]. Besides the weak 
localization effects, in disordered superconductors superconducting fluctuations will also significantly 
contribute to the total magnetoconductance. These contributions contain Aslamazov-Larkin (AL), 
Maki-Thompson (MT) superconducting fluctuations, fluctuations due to the suppression of the 
electronic density of states (DOS), and contributions from renormalization of the single-particle 
diffusion coefficient (DCR) [23-25]. As a result, magnetoconductance measurements in the weakly 
localized regime yield valuable information on intrinsic time scales of the system, e.g., the inelastic 
scattering time 𝜏𝑖 , which play significant roles in the formation of the hotspot after the photon 
absorption. Finally, temperature dependence of 𝜏𝑒−𝑝ℎ  and 𝜏𝑒−𝑒  can be obtained by analysing the 
different inelastic contributions to the total dephasing process.  
  The magnetoconductance is in most cases dominated by the weak localization effect, which is 
essentially caused by quantum-interference of the conduction electrons on the defects of the systems. 
In the two dimensional case, the conductance per sample square of weak localization effects including 
spin-orbit scattering and magnetic impurities scattering (neglecting the Zeeman effect in the 
perpendicular magnetic field) can be written as [26-28] 
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  Here e is the elementary charge, ℏ is the Plank constant, 𝜔𝐻 = 4𝑒𝐷𝐻 ℏ𝑐⁄  is the cyclotron frequency 
in a disordered conductor with 𝐷 the diffusion constant of normal state electrons (with 𝐷 = 0.71 and 
0.85 cm2/s for 5 nm and 4 nm thick films [7]), 𝜏𝑒  is the elastic scattering time, 𝜏𝑠𝑜  is spin-orbit 
interaction time, and 𝜓(𝑥) is the digamma function. The parameter 𝜏𝑠 is the magnetic scattering time 
but 1 𝜏𝑠⁄  is zero here because WSi is not magnetic and with no magnetic impurities. Therefore the 
total excess sheet conductance due to the WL effects can be obtained by taking the zero magnetic 
field limit 
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2 2𝑥⁄ , with 𝛾𝐸 = 0.5772 is the Euler constant [24,29]. Moreover, since 
𝜏𝑒 is much smaller than any other time scales here [25], the excess conductance can therefore be 
simplified to 
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  Near the superconducting critical temperature, the total sheet resistance divergence is mainly 
determined by superconducting fluctuations, which cause a broad resistance transition near 𝑇𝑐. In the 
highly disordered superconductors, the MT fluctuation mechanism, due to coherent scattering of 
electrons forming Cooper pairs on impurities, describes single-particle quantum interference at 
impurities in the presence of superconducting fluctuations [23,30,31]. In two dimensions, the MT 
magnetoconductance can be written as [22] 
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  Here 𝑘B is the Boltzmann constant, and 𝜏GL is the Ginzburg-Landau time (𝜏GL
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, with 
𝑇𝑐 = 3.9 and 3.44 K for 5 nm and 4 nm thick film, respectively), representing the life time of Cooper 
pairs, which is determined by the decay rate into two free electrons. In the zero field limit, this 
reduces to the well-known MT fluctuation term 
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  As a result, the excess magnetoconductance due to MT fluctuation can be written as 
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  The AL fluctuation contribution, which describes the effects of fluctuating Cooper pairs 
[22,23,32,33], is  
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  In the zero field limit, ℋ2(𝑥 → 0) ≈ 1 4⁄ , we recover from the above equation to the famous AL 
fluctuation conductivity [34] 
𝜎AL(𝐻 = 0) =
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  Finally the excess magnetoconductance can be written as 
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  The formation of short lifetime Cooper pairs results in a change in the number of electrons near the 
Fermi level. Such an indirect effect from the quasiparticles is referred to as the DOS contribution. 
Glatz et al. recently recalculated the contribution from the change of the single-particle density of 
states comprehensively, and in low magnetic fields near 𝑇𝑐, the DOS contribution to the conductance 
is [23,25] 
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where 𝜁 is the Riemann zeta function, with 𝜁(3) = 1.202. In the zero field limit, we have  
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  Therefore the excess magnetoconductance due to DOS effect can be written as 
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  Finally, the fluctuation mechanism of renormalization of the single-particle diffusion coefficient can 
be neglected in the intermediate magnetic field range above 𝑇𝑐  [23,25]. In the relatively high 
temperature range, both AL fluctuation and the DOS contribution are dominated by the MT 
fluctuations [22]. However, with decreasing temperature, 𝜏GL will gradually increase and eventually 
exceed 𝜏𝑖 near 𝑇𝑐. In this case, the magnetotransport will be dominated by the AL fluctuations and 
DOS contribution. It should be noted here that the 2D expressions discussed above will be no longer 
applicable in the ultrahigh magnetic field range since the characteristic length scale 𝑙𝐵 = √ℏ 2𝑒𝐵⁄  
will be lower than the film thickness d [28]. 
  Figure 1 shows the excess magnetoconductance for 5 and 4 nm thick WSi films in the relatively high 
temperature range, which are commonly used for SNSPD fabrications. The magnetoresistance 
increases with decreasing temperature and is positive in the considered magnetic field range. Above 6 
K, the excess magnetoconductance can be well described by the MT fluctuation and the WL effect in 
the whole magnetic field range. In the low temperature range near 𝑇𝑐 , the WL effect and MT 
fluctuation alone fail to give a satisfactory fit to the data. As a result, the excess magnetoconductance 
has been fitted with the WL effect and including all the superconducting fluctuation contributions, as 
it is shown in Fig. 2. When the temperature is relatively high, for instance as in Fig. 1, 𝜏GL is quite 
small and therefore 𝜔𝐻
−1 ≳ 𝜏GL. In these cases, the excess magnetoconductance is dominated by the 
MT fluctuations and can be simplified as 𝛿𝜎MT ∝ 𝜔𝐻
2 . As a result, 𝛿𝜎 monotonically decreases with 
𝜔𝐻, namely with the magnetic field. However, with decreasing temperature, both 𝜏GL and 𝜏𝑖 increase. 
Thus in the high magnetic field range, 𝜔𝐻
−1 ≲ 𝜏GL, 𝛿𝜎 is found to be independent of the magnetic field. 
A saturation of 𝛿𝜎 will therefore appear in the high magnetic field range, as it is shown in Fig. 2. 
These fits yield maximum inelastic time scales 𝜏𝑖 of 6.6 ps for the 4 nm thick film at 4.5 K and 7.6 ps 
for the 5 nm thick film at 5 K. 
  The inelastic scattering mechanisms in the investigated temperature range mainly include electron-
electron, electron- phonon, and electron-fluctuation interactions. In amorphous WSi films, the thermal 
diffusion length  𝐿𝑇 = (ℏ𝐷/𝑘B𝑇)
1 2⁄  is larger than the film thickness d [35]. The electron-electron 
scattering rate can therefore be written as [36,37] 
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  With respect to the electron-phonon scattering rate, we have found that 𝜏𝑒−𝑝ℎ
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temperatures 𝑇 close to 𝑇𝑐, the scattering process is dominated by superconducting fluctuations, and 
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  Figure 3 shows the best fit including the scattering mechanisms discussed above, of the total 
inelastic interaction time 𝜏𝑖. The temperature dependence of 𝜏𝑒−𝑝ℎ for the 5 nm thick film is found to 
be 𝜏𝑒−𝑝ℎ = 𝛼 ∙ 𝑇
−3 with 𝛼 = 5.5 × 103 ps ∙ K3, and a 𝜏𝑒−𝑝ℎ = 93 ps at 𝑇𝑐 and 86 ps at 4 K. For the 4 
nm thick film we find 𝛼 = 4.8 × 103 ps ∙ K3, which corresponds to 𝜏𝑒−𝑝ℎ = 118 ps at 𝑇𝑐 and 75 ps at 
4 K. Sidorova et al. recently also studied the electron-phonon relaxation time in a 3.4 nm thick WSi 
film using an amplitude-modulated absorption of sub-THz radiation (AMAR) method, and 𝜏𝑒−𝑝ℎ was 
estimated to be in the range of 100-200 ps at 3.4 K [40], which coincides well with our result from the 
magnetoresistance method. With respect to the contribution from the electron-electron interaction, a 
temperature dependence 𝜏𝑒−𝑒 = 𝛽 𝑇⁄  with 𝛽 = 95 ps ∙ K was determined for the 5 nm film from the 
fit in Fig. 3, which results in a 𝜏𝑒−𝑒 of 24.4 ps at 𝑇𝑐. For the 4 nm thick film, we obtained 𝛽 = 60 ps ∙
K, and 𝜏𝑒−𝑒 is found to be 17.4 ps at 𝑇𝑐. 
 
PHOTORESPONSE 
  Microbridge from WSi film with a thickness of 5 nm was driven in the resistive state at temperatures 
close to 𝑇𝑐, biased with a small constant current and illuminated by subpicosecond optical pulses at 
the wavelength of 800 nm. The pulse energy was reduced to ensure quasi-equilibrium response that 
was controlled via linearity of the response magnitude versus pulse energy. The time resolution of the 
read-out electronics is less than 50 ps and does not affect the time evolution of the photoresponse 
transients at the initial stage of relaxation. In quasi-equilibrium, the photoresponse is well described 
by the conventional two-temperature (2-T) model [20] with the system of heat balance equations for 
electron and phonon subsystems, 
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where 𝑇𝑒 and 𝑇𝑝ℎ are temperatures of the electron and phonon subsystems; 𝑇0 is the bath temperature; 
𝑃(𝑡)𝑅𝐹 ∝ (𝑡/𝑡0)
2𝑒−𝑚𝑡/𝑡0 is an analytical expression describing the shape of the excitation pulse; 𝑡0 
(≈ 1 ps) is the duration of the excitation pulse; 𝜏𝑒𝑠𝑐 is the escape time which describes cooling of the 
phonon subsystem via phonon escape from the film to the substrate. In the small signal regime, the 
photoresponse to pulsed excitation is proportional to the solution [41] of Eqs. (16) for 𝑇𝑒(𝑡).  
  Fig. 4 shows the experimental photoresponse transients for the studied microbridge and the best fit 
for the photoresponse at the ambient temperature of 4 K. To obtain the 2-T model fit, we solved Eq. 
(16) and modified the solution with the known transient function of our electric readout [41]. Because 
of the finite low frequency edge of the readout bandpass ( 50 MHz), the voltage transient goes below 
the baseline at the late stage of relaxation. This negative part of the transient  is better  seen  on a 
linear scale (Fig. 4a). For the fit we used 𝜏𝑒−𝑝ℎ = 92 ps extracted from the magnetoconductance 
measurements. The fitting parameters and their best-fit values were 𝐶𝑒 𝐶𝑝ℎ⁄ = 1.4 ± 0.3 and 𝜏𝑒𝑠𝑐 =
190 ± 25 ps. The best-fit capacitance ratio agrees well with the one reported in ref. 39. A relatively 
large phonon escape time in ultra-thin WSi film was also reported in ref. 39 where it was associated 
with a significant deviation of 𝐶𝑝ℎ from the value predicted by the Debye model at low temperatures.  
 
DISCUSSION 
  Let us now discuss parameters, which most directly affect the suitability of different 
superconducting materials for single-photon detection. As it was shown above, these parameters are 
the ratio of heat capacities of electrons and phonons, 𝐶𝑒/𝐶𝑝ℎ, and the ratio 𝜏𝑒−𝑝ℎ 𝜏𝑒−𝑒⁄ .  
  In WSi films, the heat capacity ratio obtained via phototresponse is  by a factor of 2-3 larger  than in 
conventional NbN films commonly used in SNSPD technology. This means that the relative amount 
of photon energy transferred from the absorbed photon to electrons in WSi is larger than in NbN. 
Moreover, being a dirty superconductor, WSi retains the advantage of small electron diffusivity that 
keeps the hotspot small at the initial stage of thermalization. Furthermore, the lower rate of energy 
transfer from electrons to phonons 1 𝜏𝑒−𝑝ℎ⁄  and the similar thermalization rate  1 𝜏𝑒−𝑒⁄  as compared 
to NbN ensure that the photon energy in WSi is for a longer time confined in the electron subsystem 
and allow the hotspot to grow to a larger size. Generally, materials with larger ratio 𝜏𝑒−𝑝ℎ 𝜏𝑒−𝑒⁄ , like 
WSi (𝜏𝑒−𝑝ℎ 𝜏𝑒−𝑒⁄ ~3.8 for the 5 nm films at Tc) [this work] or MoN (𝜏𝑒−𝑝ℎ 𝜏𝑒−𝑒⁄ ~11) [42], are more 
suitable for SNSPD applications when compared with conventional superconducting materials, such 
as NbN (𝜏𝑒−𝑝ℎ 𝜏𝑒−𝑒⁄ ~1) [42]. A further increase of this ratio can be achieved by decreasing the 
operation temperature, which partly explains the improved performance of SNSPD in the low 
temperature range. Hence, when only the efficiency and the spectral sensitivity are concerned, WSi is 
a better choice for SNSPD applications. 
  Our magnetoconductance data show that at the transition temperature the ratio 𝜏𝑒−𝑝ℎ 𝜏𝑒−𝑒⁄  in the 5 
nm thick WSi film is slightly larger than that in the 4 nm thick WSi film. This means that in thicker 
films the photon energy is more efficiently transferred to electrons. However, the larger 𝜏𝑒−𝑝ℎ in the 
thinner films will lead to larger quasiparticles lifetimes, which makes the size of the photon-induced 
hotspot larger in thinner films. As a result, SNSPD based on thinner WSi films with the same wire 
width would extend the cut-off wavelength to longer wavelength. 
  The hotspot lifetime 𝑡𝐻𝑆  should scale with the characteristic quasiparticle lifetime 𝜏0 , which is 
dependent on the critical temperature, Debye frequency and the strength of electron-phonon coupling 
[43]. Measurements of the lifetime of the hotspot in WSi revealed that it depends additionally on the 
bias current, photon energy, and the ambient temperature [6]. During the relaxation process, 
contributions from the bias current and Joule heat need to be considered. Moreover, the effectiveness 
with which phonons escape from the superconducting film should also play an important role. In 
relatively thick films, the relaxation rate of the phonon temperature via this channel can be described 
as (𝑇𝑝ℎ − 𝑇𝑜) 𝜏𝑒𝑠𝑐
∗⁄ . Here 𝜏𝑒𝑠𝑐
∗ = 4 𝑑(𝐴 ∙ 𝑢)−1 is the bare phonon escape time which is proportional to 
the film thickness 𝑑 and is inversely proportional to the transparency 𝐴 of the interface between the 
film and the substrate for acoustic phonons and to their velocity 𝑢. In thin films, the relaxation of the 
phonon temperature slows down due to the broken isotropy of phonons and due to the restriction 
imposed by the film thickness on the phonon wavelengths. Though the relaxation of the phonon 
temperature can be still described by a single relaxation time (𝜏𝑒𝑠𝑐 in Eq. 16), the bare phonon escape 
time 𝜏𝑒𝑠𝑐
∗  does not describe the relaxation any more but is related to the phonon-electron time and the 
phonon bottleneck parameter 𝛾 as  𝛾𝜏𝑝ℎ−𝑒. From the fitting in ref. [6], 𝛾 is found to be around 0.3 for 
the thin WSi film. Using our best fit value 𝜏𝑝ℎ−𝑒 = 𝜏𝑒−𝑝ℎ(𝐶𝑒/𝐶𝑝ℎ)
−1  = 66 ps we estimate 𝜏𝑒𝑠𝑐
∗   20 
ps for the 5 nm thick film, which is consistent with the computed value 36 ps for a 3.4 nm thick film 
[39]. Taking all the dissipation channels into consideration, we come to the conclusion that 𝑡𝐻𝑆 should 
not depend solely on the intrinsic quasiparticle lifetime, but is corporately determined by material 
parameters and the external operating conditions.  
  Annunziata et al. used the 2-T model to describe the hotspot relaxation process, and the recovery 
was identified by measuring the critical current 𝐼𝑐(𝑡) or the resistance 𝑅(𝑡) within the nanowire [19]. 
In the electron subsystem, relaxation is mainly determined by e-ph interaction and diffusion, while the 
input is provided by the Joule heat. In the phonon subsystem, phonons are mainly cooled down by the 
ph-e interaction, escaping to the substrate, and by diffusion. This simulation gave a good description 
to the latching effects in Nb and NbN SNSPDs. The authors found that the temperature dependent 
electron-phonon interaction time 𝜏𝑒−𝑝ℎ was the dominant component in the recovery process. Hence, 
because of the larger 𝜏𝑒−𝑝ℎ , WSi based SNSPD with the same kinetic inductance as NbN based 
SNSPD would be more prone to latch into the resistive state after a detection event.  
  Though relaxation of photon-induced hotspot is affected by ambient conditions and a variety of 
scattering channels, in any particular material the electron-phonon interaction time defines the lifetime 
of quasiparticles and sets the lower limit for the lifetime of the hotspot. Generally, a faster SNSPD can 
be realized from the material with smaller 𝜏𝑒−𝑝ℎ and larger D. In this case 𝑡𝐻𝑆 will decrease due to the 
faster out-diffusion and relaxation of quasiparticles. However, a relatively shorter 𝜏𝑒−𝑝ℎ value will 
result in a lower 𝜍 and a smaller size of the hotspot. As a result, for designing a SNSPD, a trade-off 
must be made between the detection efficiency and the speed of the detector. 
 
CONCLUSIONS 
  In summary, we have found magnitudes and temperature dependences for rates of electron relaxation 
via different interaction channels in two-dimensional amorphous WSi films through the 
magnetoresistance and photoresponse measurements. The excess magnetoresistance in WSi films 
close to the transition temperature is well-described by AL fluctuations, MT fluctuations, and the 
DOS contribution. The electron-phonon interaction times provided by magnetoresistance 
measurements are consistent with the results obtained by absorption of amplitude-modulated sub-THz 
radiation and by the photoresponse to short optical pulses. In thin WSi films, an electron which has 
absorbed an infrared photon thermalizes via inelastic scattering within a scattering time 𝜏𝑖~7 ps, 
while the electron-phonon interaction sets the lower limit for the lifetime of the hotspot to 
approximately 100 ps at 4 K. The relatively large 𝜏𝑒−𝑝ℎ 𝜏𝑒−𝑒⁄  = 3.8 and  𝐶𝑒/𝐶𝑝ℎ = 1.4 ± 0.3  ratios 
in the 5 nm thick W0.75Si0.25 allow us to conclude that the photon energy is more efficiently transferred 
to electrons and confined in the electron subsystem, and that the hotspot grows to a larger size than in 
conventional SNSPD materials. For SNSPD applications, the material parameters of WSi result in an 
extended spectral range of a detector and in a larger lifetime of the radiation-induced hotspot, but 
increase the risk of latching.  
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Fig. 1. The best fits of the excess magnetoconductance for 5 nm (a) and 4 nm (b) WSi films at 
different temperatures as specified in the legends. Fits include the WL effect and MT fluctuations as 
defined by Eqs. (3) and (6). 
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Fig. 2. The best fits of the excess magnetoconductance for 5 nm (a) and 4 nm (b) WSi films at 
different temperatures near Tc as specified in legends. The fits consider the WL effect, MT 
fluctuations, AL fluctuations, and the DOS contribution as defined by Eqs. (3), (6), (10) and (13). 
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Fig. 3. Inelastic scattering rates for films with two thicknesses including e-e interaction, e-ph 
interaction and electron fluctuations. The solid lines correspond to best fits as explained in the text. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 4. Voltage photoresponse (transient) of the 5 nm thick WSi microbridgeto short optical pulse  at 
the  linear (a) and semi-logarithm (b) scales. The  dashed curve represents the best fit of the response 
transient within the 2-T model. A few irregularities in the transient decay at times less than 1000 ps 
are due to signal reflections in the readout circuit. 
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